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Drug Discovery Process

Steps in the Drug Discovery Process
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Range of screening assays

Range of Screening Assays

Extent of reductionismm

Phenotype
{ifmage-based
HCS, GFP eic)

Pathway
{Reporfers, e.g., luciferase, G-
factarmase)

Protein
{Enzyme eadouts, inferactions, eic)
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High throughput screening
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HTS is a standard step in the drug discovery mcess but has rema



Cell based HTS assays

149 Cancer Relevant Cell-Based HTS Assays from PubChem
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Cousscns, N. P, Braiated, J. C., Parngca, T., Sittampalam, S. G., Simconov, A. and Hall, M. D.
Small Molecule Screens: A Gateway to Cancer Therapeutic Agoms with Case Studles of
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Assay choice

Important Considerations for Choosing an Assay

Assay expansa
—  Tost parweall
—  Dsposal costs)
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Important Considerations for Choosing an Assay
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Assay throughput

Important Considerations for Choosing an Assay

v Assay aexpanssa

— Tt parweall

—  Disposal cost(s)
’ Available instrumeantation

—  Sakadd thg bLast possiblk gssays hasod on tha arailab ks instrumantation
4 Assay throughput

—  Nlinigtur zation raduoas tha cost par weall
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Assay m

aturization

aturization Saves Time and Reagents
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Important considerations

Important Considerations for Choosing an Assay

’ Assay aexpansa
— ot parweall
—  Disposal costs)
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’ Assay throughput
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Important considerations

Important Considerations for Choosing an Assay

’ Assay aexpansa
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Fluorescence spectroscopic profiling

Fluorescence Spectroscopic Profiling of Compound Libraries

a duy: 4-Mmu 3% A350 Fluoresosin A488 J2%.

4901520

ABAT 001N

Peuf oy S6QISBS 5551580 Se5/815 &Soe7o

@ high
B sverage Red cluster: Enriched in fluorescent compouncs
= Blue cluster: Deficient in Nuorescent CoMpou

Simconov, A, dadhav A, Thomas, C.J., YWang, Y., Huang., RB., Socuthall, N. T,
Shinn, P., Smith, J., Austin, C.P., Auk, D.S. and Ingksc, J., 2008, Fluorescence
spectroscoplc proflling ofcompound llbrarles. Joumzs of Modiconas ‘/; —-:--
Crromustry, S1(8)1, 2383-2371. e P
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Assay tolerance

Determination of Assay Tolerance to DMSO/NVehicle is Important
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Yasgar A., Jadhav A., Simconov A., Cousscns N.P., AlphaScreen-8ased Assays: Ultra-High-
Throughput Screesning for Small-Molecule Inhlbltors of Challenging Enzymes and Proteln-
Proteln Interactions. Mo thods Vol Siol. 20181433 77-28.
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Important considerations

Important Considerations for Choosing an Assay

Homogenous assay format is praefarred for screaning
—  Add raagants, mik and massura [no solution ramosal or weash staps)
Auiomation friand by
Rad poas waria bility
Dacrassass hands-on tima
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Important Considerations for Choosing an Assay
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Important considerations

Important Considerations for Choosing an Assay

Homogenous assay format is prafarred for screaning
—  Add raagants, mik and massurg [(no solution ramoal or wwash staps)
—  Aubimaton friand by
—  Radocass wariability
— DPecrassass hands-on tims
—  Improreas rag prodouc bility
Timea required for assay
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Assay suitability

Evaluating Assay Suitability for Screening

. S/N — _hecan sngna.!—r.ncan background
3 z =05 standard deviation of background
=
=
=
g mean signal
S/B = —
g mean background
= B
£ e X - e s A 7 =1 — 3SD of sample + 3SD of control
i*s = . - mean of sample — mean of control
S/B=10
z = 0.1

A Simpla Statistical Paramatar for Usga in Exaluation and
Yldation of Higah Throughput Scraganing Assays. Zhang JH,
ZThung TD, Okkanburg KR, J Bomol Scraan. 19994 [(2):57-73.
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Assay suitability

Evaluating Assay Suitability for Screening
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Improving early discovery

Improving the Process of Early Discovery:
Quantitative High-Throughput Screening {(gHTS)

Compound concentration

PHAS 103131873

Conventional screening done at one concentration
= Mot appropriate for potency testing — “dose makes the poison’

r

gHTS tests compounds assayed at multiple concentrations
(range: 4 lozs)

Enabled by miniaturized assay volumes (2-8 L per test) and
informatics pipeline

Generates pharmacologi cal acti ves instead of statistical
“hits”

= Dramaticzally inaeases reliability

= Dramatically reduces false positives and false negatives

Jo date, several hundred million datapoints from several
hundred screens have been generated and depositedin the

public domain. (< ED==__



Medicinal chemistry

Medicinal Chemistry, an Integrated Process

A Y £,
[ i i) S i

Tier 1: Synthedas & valicdaition
- Wedicnal chemitry

- Purnfication

- In wvitro A D 0MWE

Tier 2: Carmrpound profile exqocrsicon
- et IDSCYP sSudias
- In vitro toxicology

Tier 3: Advanced Preclinical studies
Formula tion

Scale-up

In wvivoe PESPD

Pre clinical toxcology

ANALY T AL CO
1EMISTRY MANAGEMENT

Scoreening he (NCCC266)
Early optarezatson (NOGCIET)
Md cpamzanon (INCGCTOG)
LaNg optavizaton INCOC144)

440

r v T v

-10 -9 ] -7 - - -
[Compound) M

Lead Preciinical developmen
compaund canddate

b r— r~
Lwad Prechinical

Optirmezatcn Dwestoprment




;.. B
“-
"F‘

[ The NCGC Pharmaceutical Collection: I =

A Comprehensive Resource of Oinically
Approved Drugs Enabling Repurposing and
Chemical Genomics

Drug combinations

Translation Challenge: Rapid Discovery of Drug
Combinations
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Resistance
e

Application of Drug Combinations to Address
Resistance
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Drug resistance

Dissemination of technology: combination screening
to overcome drug resistance in cancer cells

« ABC subtype of Diffuse Large B-Cell Lymphoma (ABC-DLBCL) has poor
prognosis and response to treatment
« |brutinib is a BTK inhibitor that has activity against ABC DLBCL

* Study evaluated 459 drugs in combination with Ibrutinib
» 6 X 6 concentration-response “matrix blocks”, validation in 10 x 10
concentration-response matrix blocks
« DHNHA-damaging agents identified as synergizing with Ibrutinib in killing
ABC DLBCL cell lines

« Dissemination: s s
e — sl
» Protocols g e
i = 125 g 1 -2
» Source code for dispense  Ze- g 1\ -
< 312 10 \
High-throughput combinatorial screening identifies § 150 3 :
drugs that cooperate with ibrutinib to kill activated > - -3 ;
B-cell-like diffuse large B-cell lymphoma cells ™ 2 >
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Drug combinations

Example: triple drug combination screening to tackle
resistance against artemisinin-based combination
therapies in malaria

ACS Pharmacol. Transl. Sci 2020, hitps:#dx doiorg/10.1021/acspisci.0d]01107ref=pdf
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K10)
S DMV
o Drug C {11 concentrations) onrcn
Drug A
@ Drugs A and B are acoustically @ To sach replicate block, serial diluticns of @ FPlate view of triple combination

dispensed in a 10x10well matrix, 12 Drugs C s acoustically dispensed, with the scoreening plate with positive control
replicate blocks per plate. Single drug final bleck serving as a DMSO control (artesunate, biue) and neutral controls
resconses, bottom row {Drug A) and (ODMSO, groy) also shown

right column (Drug B

['—1 E,;

rees -

Drug € (Log (NI

/

@ Dispense P @ Dispense 2 L of @ Parasse prolderation response s normalized ® Triple drug response is analyzed
fafciparum and SYBRGreen1 and lysis 1o artesunate and DMSO0O controls. For cach 2= a function of Drug €
Qrythrocytes, sclution, incubate concentration Drug © Block, response of concentration.
incubate 72 hr overnight, Flucrescence Drug A + Drug B wells Is summed.
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3D models

Increasing the predictivity of in vitro assays: a
continuum of 3D models of healthy and diseased
tissues

2D Spheroids Organoids Printed Tissues Organ-on-a-chip




Tissue bioprinting

3D Tissue Bioprinting

Gel Cells Syringe
| Hydrogel polymer is mixed with cells and loaded into syringe. |

Printed construct 1 day 1 week 2 weeks
The printer “3D prints” The printed construct is incubated to allow |
the cell/gel mixture in a the cells to form a tissue, and to enable

layer by layer approach. proper cell differentiation.




Epidermis Functional activity analyses.

Stem cell technologies

Layers of the Epidermis: native skin versus 3D-

bioprinted skin
3D-Bioprinted Skin

Stratum corneu ‘
!— = Epi

Stratum -
S~

granulosum

Native Skin

Stratum spinoSslin

Stratum
germinativuin

htipciwww. siumed .eduf~dking2intro/INOOSD Fim



Blo(Prlnted skin

neration of bioprinted skin tissues

Reconstructed human epidemnis
(RhE)

1. Coat the 96-well
transwell insert
membrane with collagen

2. Add keratinocytes E 3 —@

3. Submerge culture for 3
days

4. Ajr-liquid interface
culture for S days

ZWeiand XL etal, Frontiers in Broengineering and Biotechnology (2020) :

Full thickness skin tissue (FTS)

——" N 1. Suspend fibroblasts in
L"@J E bioprinting gel

2. Bioprint fibroblast ﬁ

ok o o Slever U S8 = 5 vogrting
i ¥ 96 I gel to cover the U
side o -ne : : shape

transwell insert
membrane

4. Subm erge bioprinted tissue in
medium for 7 days

e

5. Add keratinocytes and A
submerge culture for 3 days

6. Air-liquid interface culture for S
days




3D Tissue model
T

www.oncotarget.com Oncotarget, 2020, Vol. 11, (No. 27), pp: 2587-2596

Research Paper
A 3D biofabricated cutaneous squamous cell carcinoma tissue

model with multi-channel confocal microscopy imaging biomarkers
to quantify antitumor effects of chemotherapeutics in tissue

Human skin Biofabricated Skin
Stancxrd Hstology Reflectanze Confocal Fefectance Condocyl flucremcwcw Cordocsl Szandard Hiswology
(Sapttsl View) Mioroscopy (€0 Foce View) Microscopy {n Fore View) Moroscopy (£o Foce View) g tial View)

. - » s
= 150um
.
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Assay development

Where do | go for more
information about assay
development?



Assay guidance manual

Sharing intermal know-how: Assay Guidance Manual
(47 chapters/ 1,338 printed pages)

Tabl: of Contont=

Prciaco

Cansddcratare o Barly Phasc Dvug Disoo ety 1 Copcr
In Wira Blochoinical 0ssays 1CCEapces
In Vicra Col Bascd 023y 120 opces
In Viva 029y SUlIdcines ZChopxrs
Losayarfiadzand Inicricranocs 3 Cropoces
LLsayValldatan Opcrailars and OudliyCara 2 Chapaces
Loy Tochrmadogcs Z Cropoces
Irefranariatiaon ZChopxrs
PhanvwacaMndics arnd Dvug M1l I Cropcr
Ghzsaary ol Quardilvwe Blaoqy ToHve 1 Cropocey

Wio b= ita: 48 :

Cmasil ws=:

hittps_//ncats.nih.gov/agm-video

S}

NU~wOoVe

-

v

3~ i EU R,

Auave Cr - @doome o he Rnawy Guidenos enus | AN dedahee
Cowsces 4 :Smmugw ke RonySdecimn Srcbus i Bechemiol
Aawes

L l:lremang el m Mesgen o 1o Deagn Meprcduchie Sowening
ARowes

usl QU: Aaawy Dewdopomn Conddemicns: ke Migh Saommiimegng
Aol :Sudmsiniedmnam: end e hodh in Ry Inter bwrenox
Davle Ju:lsswy Inmrierence by Chamicel Mescirviny

Chueyg 10V Bmiclfawy Smiizirs, Omnie Armlvo Sule ol thumbk
Douva saraya= W Mepreduckil v S O laremiskdirg o PorencyMesd i
Suvamgahe Qi Avading Arsleas S niw lwenon n ey Qe micns

o

Muae e CF o didoome o e Raswy Guidenos enus | AT dedahee
Cowasces, 4P :Moban 1 Raawys Du e Succew in Predinies | M esrch
widsg “lageiide s iceicn & vlidescain Irensle scrml Olaocwer y
toky, IvOwvdegpmen I S Velde son o Gdl femed end Bicchemicsd
Axawyes

Lo l:lrmmang el m Mesgen o 1oDeagn Meprcduchle Sowening
Aawys

unt QU: Sawy Devwdegormm lao HOE S B i Preciees e oSS

ouh CD:Mmss Specircerm ry e Orug Soemning end Lead dpdimiamicn
Davle Ju:Bicmawy imiwr dwenoe by Ay sge sconmnd Chemis| Mescsary
o exl Silued Selecicnand Opimimicn by mediane Ghemis ey

L.a Wia V2o loaxsiogml lwming bing = gHl S Mla keemn

Eu E:Ma Wa Rswmarmeniic! ADNE Freparses ollbesd Empounds
carl3p:Smassad Owmign ol bgpenmeno lo ey Owmilcgmen
Cuta L Pharce Appicmiion o il B wlumica and Orug Do oo
Weoedese I Aveydpewmicas Respng Raawe Mebas and Mepecduakle

(£ ==



National Contor
or Advancing
Transiatonal Sowormooes

i T
COLLASOERATE. INMDEATE ACCILIEATE

AGM Workshop on DNA-Encoded Libraries for
Lead Discovery

September 1, 2021 — September 2, 2021
Virtual (All times are in ET)

AGENDA: Day 1

12:30 PM Opening Remarks
Anton Simeonov, Nationad Center for Advancing Translational Scaences (NCATS), Naltional
Insttules of Health (NIH)

12:45 P\ Introduction and Overview of Workshop
Timothy L. Foley, Phizer Inc

1:00 PMm Opening Talk: DNA-Encoded Chemical Libraries: From the Bench to the Clinic
Dano Neri, ETH Zorich and Philogen

https://ncats.nih.qov'expertise/preclinical/agm/training & o S



Response to CoviD-19

Response to COVID-19: OpenData Portal enables
data and protocol sharing in near-real time

e

OpenData,) eeVID-19

- -

SNTATS

https://opendata.ncats.nih.gov/covid19/



Open data portal
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All screening data can be
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Open data portal

B Fctirai b aton. o ot

B Mirad Contiow For dvtimivg s

m) - OpenData Portal
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All experimental protocols

are
being shared openly on the site -}

to allow others to run them )
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Learn More About NCATS

m)?‘o?‘ifé‘f;ﬁn”;” Website: www.ncats.nih.gov

Translational Sciences

Facebook: facebook.com/ncats.nih.gov

&\; i Twitter: twitter.com/ncats_nih_gov

_ YouTube: youtube.com/user/ncatsmedia
You'Tube

E-Newsletter: ncats.nih.gov/news-and-
events/e-news/e-news.html

Email us: info@ncats.nih.qgov
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